Study Design. A retrospective study. Objective. The aim of this study was to evaluate the efficacy of laminoplasty for the treatment of patients with an occupying ratio greater than 50% and to determine possible factors related to surgical outcome of posterior decompression. Summary of Background Data. Little data are available about effect and prognostic factors of laminoplasty for cervical myelopathy with an occupying ratio greater than 50%. Methods. Fifty-five consecutive patients with an occupying ratio greater than 50% who underwent cervical laminoplasty between January 2005 and December 2010 were reviewed in this study. Patients with cervical kyphosis were excluded. Clinical and radiologic outcomes were assessed. Univariate analysis was used to investigate the relationship between recovery rate and the age, duration of symptoms, preoperative Japan Orthopedic Association (JOA) score, posterior shift of the spinal cord, preoperative cervical lordosis, spinal cord compression ratio, and follow-up period. Multivariate linear regression analysis was used to determine the best surgical outcome predictor. Results. All patients maintained cervical lordosis. Average JOA score improved from 10.7 AE 1.7 points preoperatively to 14.0 AE 1.4 points at the last follow-up. The mean rate of recovery was 51.4 AE 25.7%. Final recovery rates showed 6 excellent results, 29 good results, 18 fair results, and 2 poor results. Univariate analysis showed significant correlation between the recovery rate and the spinal cord compression ratio, duration of symptoms, and posterior movement of the spinal cord. The multivariate linear regression analysis showed that the best surgical outcome predictor was the spinal cord compression ratio (b ¼ 0.698, P < 0.001). R-square of the final multiple linear regression model was 0.509. Conclusion. Laminoplasty can still be considered as a decompressive pattern for patients with a high occupying ratio greater than 50%. The spinal cord compression ratio, duration of symptoms, and posterior movement of the spinal cord play important roles in recovery rate. The best surgical outcome predictor is the spinal cord compression ratio.
L aminoplasty is commonly used to manage cervical myelopathy resulting from spondylotic disease and ossification of the posterior longitudinal ligament (OPLL). Although it is an easy, relatively fast, and costeffective surgical method for most patients with cervical myelopathy, its effectiveness of treating patients with anterior massive lesions is doubted. Yamazaki et al 1 demonstrated a preoperative percent stenosis of more than 50% significantly correlated with postoperative residual cord compression. It is the residue of anterior compression of the spinal cord that will prevent improvements in neurologic outcome and cause the patients considerable distress. 2 They reported that surgical outcome of laminoplasty would be poor when occupying ratio is greater than 50%. On the contrary, anterior surgery is associated with increased technical difficulty and higher complication rates. [3] [4] [5] [6] [7] [8] Therefore, whether or not laminoplasty is necessary for the treatment of myelopaty with high occupying ratio greater than 50% deserves further study. The purpose of our study was to evaluate the efficacy of laminoplasty for the treatment of patients with an occupying ratio greater than 50% and to determine possible factors related to surgical outcome of posterior decompression.
The authors have selected laminoplasty between January 2005 and December 2010, and 55 selected patients with cervical myelopathy were managed with laminoplasty in our institution. These patients had undergone no previous cervical surgery and met the following inclusion criteria: at least 3-level anterior compressions and an occupying ratio of anterior massive compression in the canal diameter of 50% or more. All patients maintained cervical lordosis. Patients with myelopathy due to spinal cord tumor and spinal cord injury and with a history of previous cervical spine surgery were excluded. Patients with cervical kyphosis were also excluded. Fourteen patients with cervical myelopathy resulted from ossification of the posterior longitudinal ligament. The other 41 patients with cervical myelopathy suffered from spondylotic disease. The patients consisted of 45 males and 10 females aged 40 to 84 years (average age 59.3 yr). Decompression segment was C3-C7 in all patients. The mean duration of follow-up was 37.1 AE 15.7 months (range, 18-84 months). Clinical diagnosis was made by physical examination, plain radiography, computed tomography, and magnetic resonance imaging (MRI). All patients presented with cervical myelopathy characterized by exaggerated tendon jerk in their extremities and spasticity due to multilevel spinal stenosis without radiculopathy (Fig. 1A, B) .
Surgical Procedures
A standard posterior midline approach was performed. The paraspinal muscle of C2, especially the semispinalis, was preserved to prevent possible postoperative kyphosis. The detachment of the semispinalis at C2 was necessary; the muscle and tendon were repaired at the end of the surgery. Before laminoplasty, we decided the open and hinged side, depending on the severity of radiculopathy. The severe side was taken as the open side so that an appropriate laminoforaminotomy could be performed. The other side served as the hinged side. The drilled gutter on the lateral margin of the lamina was first completed on the open side. Drilling of the bony gutter on the hinge side was slightly lateral compared with that on the open side to prevent the lamina from becoming unstable or dislodging. The ligamentum flavums above the cephalic level and below the caudal level of the en bloc were cut with Kerrison rongeurs to facilitate opening the lamina. Although the inner cortex was thinned, the spinous process was pushed carefully using repetitive movements.
Twenty-nine cases were fixed by miniplates, while 26 patients who underwent the classical method of cervical laminoplasty were fixed with suture. Patients were instructed to wear a neck collar for 4 to 12 weeks, postoperatively (Fig. 1C, D) .
Clinical Evaluation
The neurologic evaluation was graded using the scale devised by the Japanese Orthopedic Association (JOA).
The rate of recovery, which indicated the degree of normalization after surgery, was calculated using Hirabayashi's formula: (postoperative score À preoperative score) Â 100/ (17 [full score] -preoperative score). Recovery rates at final follow-up examinations were ranked as follows: !75% ¼ excellent; 50% to 74% ¼ good; 25% to 49% ¼ fair; and <25% ¼ poor.
Neck pain was evaluated using the 10-point visual analog scale (VAS) score at final follow-up avoiding the early complaints, which might be directly related to surgical intervention. The 10-point VAS was ascertained by selfassessment. The incidence of postoperative segmental motor paralysis, or the so-called C5 palsy, was examined during the follow-up period.
Radiologic Evaluation
Radiologic data were also analyzed. Cervical lordosis and anteroposterior diameter of the spinal canal were measured from preoperative and postoperative lateral cervical spine xrays. Maximal thickness of compressive mass, occupying rate (an occupancy ratio is defined as the thickness of anterior compressive mass divided by the anteroposterior diameter of the bony spinal canal Â100%), spinal cord compression ratio (spinal cord compression ratio is defined as anteroposterior diameter of spinal cord divided by the transverse diameter of spinal cord), and posterior shift of spinal cord were measured from MRI. The anterior subarachnoid space was used to reflect cord shift distance measured from the posterior borderline of vertebral body to the anterior edge of the spinal cord at each laminoplasty level in midsagittal images of T2-weighted MRIs performed postoperatively. Finally, the calculated average value of anterior subarachnoid space from the upper part of C3 to the end part of C7 was obtained.
Statistical Analysis
Univariate analysis was used to investigate the relationship between the poor/fair/good/excellent results and the age, duration of symptoms, preoperative JOA score, posterior shift of the spinal cord, preoperative cervical lordosis, spinal cord compression ratio, and follow-up period. Multiple regression analysis was performed to determine the relationship between recovery rate of JOA score and the age, duration of symptoms, preoperative JOA score, preoperative cervical lordosis, and spinal cord compression ratio. Data were presented as means AE standard deviation. A t test with Welch correction was used for statistical analysis of the difference in the mean values between the 2 groups.
RESULTS
The mean operation time was 156.9 AE 40.7 minutes and blood loss was 327.8 AE 132.0 mL (Table 1) . Averaged JOA score improved from 10.69 AE 1.70 points preoperatively to 13.98 AE 1.42 points at the last follow-up (P < 0.05). The rate of recovery was 51.4 AE 25.7%. The available JOA data from 19 patients with residual anterior compression of the spinal cord exhibited limited improvement of neurological deficit. The rate of recovery was only 33.9 AE 33.5%. Final recovery rates showed 6 excellent results, 29 good results, 18 fair results, and 2 poor results. The incidence of significant axial symptoms was 16 out of 55 at follow-up. C5 paralysis developed in 9 of 55 patients. Other complications included transient delirium in 3 patients and cerebrospinal fluid leakage in 2 patients, all of whom recovered without sequelae (Table 2) .
Mean maximal thickness of compressive mass was 8.2 AE 1.5 mm. As a result, the mean occupying rate reached 62.3 AE 9.5%. The mean spinal cord compression ratio was only 23.8 AE 8.4%. Significant improvements in anteroposterior diameter of the spinal canal were found from lateral cervical spine x-rays. The mean spinal cord posterior shift of 2.1 AE 0.8 mm was achieved postoperatively ( Univariate analysis showed a significant correlation between the recovery rate and the spinal cord compression ratio, duration of symptoms, and posterior movement of the spinal cord (Table 3 ). The multivariate linear regression analysis showed that the best surgical outcome predictor was the spinal cord compression ratio (b ¼ 0.698, P < 0.001). R-square of the final multiple linear regression model was 0.509 (Table 4) .
DISCUSSION
Cervical myelopathy resulting from a massive compression presents a significant treatment challenge for spinal surgery. Despite the fact that anterior decompression and fusion (ADF) is a direct and radical surgical strategy, it is fraught with severe iatrogenic deterioration of the neurologic state. 4, 8 On the contrary, laminoplasty is a relatively safer procedure than ADF. This consideration was based on a large number of documents showing that the clinical outcomes of laminoplasty were satisfied in terms of long-term follow-up results [9] [10] [11] [12] [13] and laminoplasty was superior to ADF in terms of surgery-related complications.
14-17 Although laminoplasty could achieve sufficient anterior decompression by the posterior shift of spinal cord, it was not always successful, especially for occupying ratio greater than 50%. If the spinal cord was not effectively relieved from the compression factor, the remaining anterior compression might hinder the neurologic recovery. Yamazaki et al 1 demonstrated a preoperative percent stenosis of greater than 50% significantly correlated with postoperative residual cord compression. Whether or not laminoplasty is necessary for the treatment of myelopaty with high occupying ratio greater than 50% is questioned. In our study, 36 patients achieved sufficient anterior decompression and 19 had residual anterior compression after laminoplasty. The rate of recovery was 51.4 AE 25.7%. We considered overall result to be acceptable for patients with an occupying ratio of 50% or more. Two benefits from laminoplasty for the treatment of myelopaty with high occupying ratio >50% are as follows: (1) those free of anterior compression after laminoplasty can avoid anterior procedures; and (2) those with residual anterior compression after laminoplasty can reduce the risk of iatrogenic deterioration of the neurologic state in following anterior procedures. With these benefits in mind, it is clear that laminoplasty can be considered as a decompressive pattern for patients with high occupying ratio greater than 50%.
Laminoplasty has been used to treat cervical myelopathy, but the postoperative outcomes are affected by a range of factors, including patient age, occupying rate, preoperative JOA score, number of surgical segments, and preoperative cervical sagittal alignment, and so on. 1, [18] [19] [20] [21] [22] Controversy regarding the prognostic factors has remained. In this study, the anteroposterior compression ratio was measured and found to be associated with the outcome. Anteroposterior compression ratio was correlated with occupying rate and implied the severity of spinal cord compression. Usually, severe spinal cord compression is associated with severe symptoms and the late stage of myelopathy, which imply poor neurological recovery. Ahn et al 22 also reported that the low spinal cord compression ratio could indicate a poor prognosis.
Univariate analysis showed that neurological improvement was associated with the posterior movement of the spinal cord. It has been reported that the decompression effect of laminoplasty consists of 2 distinct mechanisms: a direct posterior decompression effect and an indirect anterior decompression effect resulting from the posterior shift of the spinal cord from the anterior compressive lesion. In fact, laminoplasty relies strongly on the decompression effect for indirect decompression. Sodeyama et al suggested that enough space for a posterior shift of the spinal cord of >3 mm leads to good recovery of myelopathic symptoms. In our study, the fact that patients with excellent or good results had a significantly larger posterior shift of spinal cord despite a high occupying ratio emphasizes just how important posterior shift of spinal cord is in laminoplasty for cervical myelopathy with an occupying ratio 50% or more.
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Our results have suggested that a significant neurological improvement is associated with posterior cord migration after cervical laminoplasty. It is likely that patients with sufficient lordotic alignment of the cervical spine, allowing the cord to shift dorsally, can obtain indirect decompression after laminoplasty. Baba et al 24 reported that posterior cord migration showed a significant correlation with the preoperative cervical spine and spinal cord lordosis. However, it is difficult to predict posterior shift by preoperative cervical curvature alone. Jokich et al 25 reported that the spinal cord moves very little at the site of maximal compression after posterior decompression, as the posteriorly directed force from the anterior mass is counteracted by restraining dentate ligaments and nerve roots. Consistent with the report, findings of the present study demonstrated that the degree of posterior shift of the cord after posterior decompression alone in patients with a high degree of anterior compression was likely to be less than expected. The rate of recovery did not show a significant correlation with the preoperative cervical lordosis due possibly to a low number of cases in this study. Further investigations with large number of cases are needed to elucidate the relationship. Nevertheless, maintaining cervical lordois is necessary for patients with high occupying ratio greater than 50% in the choice of laminoplasty.
In conclusion, laminoplasty cannot be used to treat all patients with an occupying ratio greater than 50%. Nevertheless, laminoplasty can still be considered as a decompressive approach for patients with high occupying ratio greater than 50%. We can choose laminoplasty for some patients who do not want to face severe surgical complications related to anterior surgery. The spinal cord compression ratio, duration of symptoms, and posterior movement of the spinal cord play important roles in recovery rate. The best surgical outcome predictor is spinal cord compression ratio.
Key Points
Effect and prognostic factors of laminoplasty for cervical myelopathy with an occupying ratio greater than 50% were studied. Laminoplasty can be considered as a decompressive pattern for patients with high occupying ratio greater than 50%. The best surgical outcome predictor is the spinal cord compression ratio.
